A B S T R A C T In this study we have demonstrated that in native bile, lipids are organized in the form of a lipoprotein (bile LP) carrying albumin as apoprotein. The lipid composition of bile LP is almost identical to lipoprotein-X (LP-X, the characteristic lipoprotein of cholestasis). However, it differs from LP-X in its protein/lipid ratio and immunological and electrophoretic characteristics. Bile lipoprotein can be converted into "LP-X-like" material in vitro by adding albumin or serum to native bile. The LP-X-like material formed in vitro has physicochemical and chemical characteristics similar or identical to LP-X isolated from serum. As bile lipoprotein can be converted into LP-X-like material by the addition of albumin to bile, LP-X can be converted into bile-LP-like particles by adding bile salts to a LP-X-positive serum. Furthermore, experimental connection of the common bile duct to the vena cava is followed after a few hours by the appearance of LP-Xlike material in the plasma. These facts taken together strongly suggest that bile LP is a precursor lipoprotein for LP-X and that it refluxes into the plasma pool under cholestatic conditions.
INTRODUCTION
It has been well documented that the characteristic elevation of unesterified cholesterol and phospholipids in patients with cholestasis is due to the presence of a low-density lipoprotein (d 1.019-1.063 g/ml) of abnormal composition and properties. This lipoprotein is Please address correspondence and requests for reprints to Dr. Dietrich Seidel, Medizinische Universitaitsklinik (Ludolf Krehl Klinik), Bergheimerstrasse 58, D-69 Heidelberg, West Germany.
Received for publication 19 May 1975 and in revised form 29 December 1975. designated "lipoprotein X" (LP-X)1 (1) (2) (3) (4) (5) (6) (7) (8) (9) . One important and characteristic feature of LP-X is its mobility towards the cathode on agar gel electrophoresis. This provided the basis for a simple analytical technique (10) to demonstrate LP-X in plasma samples; its appearance has been used as a new diagnostic test in the differential diagnosis of cholestatic liver disease. Several studies in adults and children (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) have demonstrated that the presence of this lipoprotein is an extremely specific sign of cholestasis, with the sole exception of the rare familial disease lecithin: cholesterol acyltransferase deficiency (23) (24) (25) . Although many data have accumulated in the past regarding the protein-lipid composition of LP-X, its immunological and physicochemical characteristics, its electrophoretic behavior in various media, and its structural properties (1) (2) (3) (4) (5) (6) (7) (8) (9) , little or no information is available regarding the source of LP-X, its metabolism, or its fluctuations in the course of cholestatic liver disease. We therefore conducted a series of studies with a view to investigating these questions. In this report we provide evidence that LP-X most likely derives from a "precursor" lipoprotein complex which is normally excreted by the liver into bile, but which refluxes under cholestatic conditions into the plasma pool where it appears as LP-X.
METHODS
Collection of bile. Bile samples were obtained from patients with indwelling T-tubes 1-2 wk after cholecystectomy for gallstone disease (23 patients) or during operation from 3 patients with cancer of the pancreas. All patients suffering from gallstone disease had normal plasma bilirubin levels and were LP-X negative. After collection, the bile was always kept at 40C before further use. Animal experiments. Four male beagle dogs (weight range 8.5-11.0 kg, 1-2 yr) were used for the animal experiments. Anesthesia was performed with Nembutal, 20 mg/kg (Deutsche Abbott GmbH., Ingelheim, W. Germany). In an operation lasting 30 min the bile duct was inserted into the inferior vena cava with an end-to-side anastomosis. Blood samples were collected from a peripheral vein before operation, shortly before setting the anastomosis, 30 min after the operation, and then every subsequent hour over a period of 26 h.
Chemical analyses. LP-X was qualitatively determined with the "Rapidophor all in for LP-X" (a commercially available test kit by Immuno AG, Vienna, Austria) or with the use of 1%o Bacto agar (Difco Laboratories, Detroit, Mich.) gel plates which we prepared ourselves as previously described (3, 10). The quantitation was performed according to our recently described procedure (26) , which is based on densitometric scanning of the characteristic LP-X band after agar electrophoresis in the Rapidophor system. Agarose and agar electrophoreses were performed as described elsewhere (27) ; the lipoprotein bands were visualized by the use of polyanionic compounds (0.2 M CaCl2: 0.6% sodium-dextran sulphate 500 or 0.1 M MgC12: 0.15% sodium heparin: 1.3% NaCl) (28) . Immunological properties of the various fractions were studied by double diffusion and immunoelectrophoresis in 1% agar (Bacto agar, Difco Laboratories) or 0.8% agarose (Serva, Heidelberg, W. Germany) gels employing a barbital buffer, pH 8.6, ionic strength 0.05. The plates were developed as previously described (29) . Rabbit antisera to apolipoprotein A (apo A; consisting of the A, and A2 peptides), apolipoprotein B (apo B) and apolipoprotein C (apo C; consisting of the C1, C2, and C8 peptides) were prepared in our own laboratory (29) and carefully tested for their specificity by employing immunoelectrophoretic techniques on human plasma, isolated homogeneous lipoprotein fractions, and apolipoprotein preparations characterized by polyacrylamide gel electrophoresis (29) . Antibodies to human albumin and human gamma globulins were purchased from Behringwerke AG (Marburg/Lahn, W. Germany). Quantitation of albumin was also performed according to the Mancini technique employing commercially available test plates (Behringwerke AG). Esterified and unesterified cholesterol, phospholipids, and proteins were determined as described earlier (3, 4) . Triglycerides were measured enzymatically by using a standard procedure (Boehringer GmbH., Mannheim, W. Germany). Bile acids were measured enzymatically with the Sterognost3a (Nyegaard & Co. AS, Oslo, Norway).
Isolation of a bile-lipoprotein complex. In order to isolate the bile-lipoprotein complex, native or water-dialyzed (24 h) bile was first centrifuged for 20 min at 20,000 rpm, 4°C. The supernatant fraction was separated from a pellet (which was not further characterized) and submitted to polyanion precipitation. To 100 ml of bile MnCl2 (final concentration 0.1 M) and sodium-dextran sulphate 500 (final concentration 0.5%o) was added and the solution adjusted to t pH 7.0 by the dropwise addition of 1 N NaOH. The mixture was then allowed to precipitate for 3 h at room tem-I perature and submitted to centrifugation for 30 min at 20,000 rpm. The precipitate was resuspended in 50 ml Tris-t buffer (pH 7.7, 0.005 M) containing 0.1%o dextran sulphate a 500 and 0.1 M MnCl2 under constant stirring for 30 min andagain centrifuged for 10 min at 6,000 rpm. This washing t procedure was repeated twice. The final precipitate was dissolved in 20 ml of a solution containing 2% sodium citrate and 1% NaCl; the pH of this solution was adjusted to 8 with 1 N NaOH. After gentle stirring for 30 min the solution was again centrifuged for 10 min at 6,000 rpm and the supernatant fraction containing the dissolved bile lipoprotein was finally dialyzed against Tris buffer (0.005 M) containing 0.9% NaCl and stored at 4°C before use. To establish the hydrated density of the bile lipoprotein, native bile was also submitted to sequential ultracentrifugation with a type 60 rotor and the Heraeus Christ (Osterode, W. Germany) ultracentrifuge, type Omega II. Each centrifugation was performed at 150,000 g at 10'C for 24 h. The first centrifugation was performed at a solution density of 1.006 g/ml; the bottom fraction containing the bile lipoprotein was recentrifuged twice at a density of 1.063 g/ml yielding the bile lipoprotein (designated "bile LP") in the top fraction.
In vitro formation of LP-X and its isolation. Various forms of LP-X-like material were obtained when native bile or water-dialyzed (24 h) bile was incubated with various amounts of human albumin devoid of lipids ("Human albumin dried, purified," Behringwerke AG) or with total human serum. For the in vitro formation of LP-X-like material only a very short incubation time (less than 1 min) at room temperature is required. The bile/albumin or bile/ serum ratio may vary from bile sample to bile sample depending on both bile salt and bile lipoprotein concentration (see under Results and Fig. 4 ). For special experiments "I-albumin obtained from Amersham Buchler GmbH (Wenden, W. Germany) was used for LP-X formation.
After incubation the mixtures were analyzed for the presence of LP-X (Rapidophor-agar electrophoresis) and submitted to the procedure of LP-X isolation.
Since the addition of albumin or serum to the isolated bile LP did not result in LP-X formation, bile salts (equal amounts of the taurine conjugates of cholic acid and chenodeoxycholic acid) in a final concentration of 100 mg/100 ml were added to the bile LP before incubation with the protein solution. This then resulted in formation of LP-X-like particles.
LP-X from total serum was isolated in principle as described earlier (3). The serum was first submitted to ultracentrifugation at a solution density of 1.035 g/ml and the bottom fraction containing LP-X was separated by the tube slicing techniques and further fractionated by cold ethanol precipitation (Cohn fractionation) as previously described (3) . The supernatant fraction, corresponding to Cohn fraction IV-VI, was again submitted to ultracentrifugation at a solution density of 1.063 g/ml. The top fraction contained only intact LP-X in concentrated form.
LP-X-like particles formed after incubation of native or water-dialyzed bile with human albumin, designated "LP-X(alb)," were isolated by sequential ultracentrifugation. The bile-albumin mixture was first submitted to ultracentrifugation (conditions identical to those described for isolation of the bile lipoprotein) at a solution density of 1.03 g/ml. The bottom fraction, which contained the LP-X(aIb, was recentrifuged at a solution density of 1.09 g/ml and the top fraction was recentrifuged again at a solution density of 1.09 g/ml in order to remove the last traces of free albumin. LP-X(lbW was then present in the top fraction. LP-X(alb) (final concentration 300 mg/100 ml) was also incubated with isolated very low-density lipoprotein (VLDL) and high-density lipoprotein (HDL) (final concentration -250 and -150 mg/100 ml, respectively) for 2 h at room temperature and afterwards separated by ultracentrifugation NATIVE BILE at the densities of 1.006 g/ml or 1.063 g/ml, respecthvely. LP-X formed after incubation of native or water-dialyzed bile with total serum, designated "LP-X(ser)," was isolated by the procedure identical to that described for LP-X isolation from serum by using the combination of sequential ultracentrifugation and cold ethanol precipitation. Isolation of VLDL, low-density lipoprotein (LDL), and HDL. Normal plasma lipoprotein fractions were isolated and purified by sequential ultracentrifugation at the hydrated densities of 1.006, 1.063, and 121 g/ml. All fractions were washed twice by recentrifugation. The ulfracentrifugation was performed under conditions identical to those described for the isolation of bile LP.
Partial delipidation. Partial delipidation of the isolated lipoprotein fractions was performed as described earlier with cold n-heptane on lyophilized material (4) .
Determination of bile concentration. To compare native bile from various donors, bile concentration (dry weight) was determined gravimetrically before and after dialysis against water after lyophilization of portions of the sample.
Electron microscopy. The electronmicroscopy was performed on various lipoprotein fractions and native bile after negative staining at 250C with a 1%o aqueous solution of phosphotungstic acid adjusted to pH 7.1 with KOH according to a standard procedure previously described in detail (8) . The grids were examined in a Zeiss EM 10 electron microscope (Carl Zeiss, Oberkochen, W. Germany).
RESULTS
Human bile (Fig. 1) submitted to agar or agarose electrophoresis after dialysis against water reveals a lipoprotein band migrating towards the anode, which can be visualized by polyanion precipitation (MgClz + sodium heparin or CaClh + dextran sulphate) as well as with a lipid stain (Sudan black) and protein stain (amido black). Before dialysis such bands may show some trailing or even be divided into several bands. Immunochemically, albumin and immunoglobulins as well as other plasma proteins (30) can be identified, but no immunoprecipitation reaction is obtained with antibodies to the major apolipoproteins: apo A, apo B, and apo C. Under the electron microscope it is not possible to detect reproducibly any particular structures. Occasionally some lamellar structures are apparent which may form myelinic shapes reminiscent of those earlier described for micellar solutions of lipids (31) . This is in accordance with previous studies performed by Nal- bone et al. (32) . LP-X, with its characteristic structure under the electron microscope (7, 8) or, even more specifically, with its typical migration toward the cathode on agar electrophoresis (3) , was detected in neither native nor water-dialyzed bile.
All (100%) of bile lipids may be separated from bile by polyanion precipitation or by ultracentrifugation in form of an albumin-lipid complex (the bile LP) (Fig.  2) . After separation of the bile LP the remaining bile fraction no longer contains lipids in measurable amounts nor does it show a lipoprotein band on electrophoresis. However, free albumin remains in this fraction.
The isolated and purified bile LP revealed a lipid composition quite similar to that of total bile and to that of LP-X isolated from patients suffering from cholestatic liver disease (Table I ). The total bile salt concentration of isolated bile LP was found to range between 1 and 3% on a weight basis. The hydrated density of bile LP, which was found to be in the range 1.006-1.063 g/ml, is also similar to LP-X. In contrast to LP-X, however, isolated bile LP does not migrate on agar or agarose electrophoresis. In its intact and pure form it does not react immunochemically with antialbumin serum. However, the addition of bile salts to the isolated bile LP results in marked changes in its properties. The bile LP in a solution of bile salts (final concentration 250 mg/100 ml) not only migrates on electrophoresis in the same position as it does in native bile but it also reacts immunochemically with antialbumin serum. This immunoreaction may also be obtained with the isolated nonreactive bile LP after partial delipidation with n-heptane, indicating that the immunoreactive portion of albumin is covered by lipids in the isolated bile LP. This behavior has been described earlier for LP-X isolated from serum (4) .
Agar electrophoresis (Fig. 3) demonstrates clearly that native and water-dialyzed bile, isolated albumin, and whole serum obtained from healthy volunteers do not show the typical lipoprotein band for LP-X migrating towards the cathode on agar electrophoresis. However, when native or water-dialyzed bile is incubated in vitro with either pure albumin or with total (LP-X negative) serum, LP-X is formed with an electrophoretic behavior identical to that found in the serum of patients suffering from cholestatic liver disease.
Addition of various amounts of isolated VLDL, LDL, or HDL (final concentrations ranging from 300 to 1,200 mg/100 ml for each fraction) as well as purified imelectrophoretic mobility of the bile LP is in the albumin position as judged by electrophoresis in 0.8% agarose (4 and 5) against antialbumin serum (4) and anti-human serum (5) . On double immunodiffusion native bile (central well) shows no precipitin line with antibodies to apo A (A), apo B (B) or apo C (C) but reacts with antialbumin (D) and other plasma proteins (5). On the electron micrograph some lamellar structures which may assume a myelinic shape are apparent. LP-X with its characteristic structure under the electron microscope, or with its typical migration towards the cathode on agar electrophoresis (6) and towards the anode on agarose electrophoresis (7) munoglobulins to native bile does not result in LP-X formation.
The amount of LP-X formation from bile after addition of albumin or serum depends to a high degree on the concentration of the native bile and in particular on the concentration of bile LP and bile salts. This becomes apparent when the ratio of bile/ albumin necessary for LP-X formation is evaluated. The ratios for different bile samples from various donors before and after water dialysis are reported in Fig. 4 . The lines given in Fig. 4 indicate the minimum amount of albumin required for LP-X formation at a certain bile concentration. In each instance the amount of LP-X formation will increase with increasing concentrations of albumin added to the bile. Marked differences are found before dialysis, while after dialysis all bile samples form a single line. During 36-h dialysis against water we found that up to 97% of the bile acids were dialyzable from native bile, while all lipids remained in the dialysis tube.
LP-X formed after addition of albumin to bile (LP-X(alb)) and after addition of serum (LP-X(ser)) may be isolated as described in Methods. Comparison of LP-X(alb) and LP-X(ser) with isolated bile LP and LP-X isolated from serum revealed a very similar lipid composition (Table I ). Significant differences are apparent, however, in their protein moieties and in their structural properties as judged by electron microscopy and electrophoresis on agar gel. As demonstrated in Fig. 5 addition of albumin to bile in appropriate amounts leads to a complete conversion of the bile LP into LP-X(.1b). While native bile shows a strong lipoprotein band migrating towards the anode on agar electrophoresis, which was earlier identified as bile LP, the mixture of bile plus albumin reveals only the typical LP-X band. In contrast to normal LP-X, LP-X(a1b, does not react immunochemically with either anti-apo C nor with antialbumin serum. After partially delipidation of LP-X(a1b), however, an immunoreaction with antialbumin serum develops. This is also true for the isolated bile LP and LP-X isolated from serum.
In order to evaluate whether the albumin added to bile only binds free bile salts or is also utilized for the formation of LP-X, 'I-labeled albumin was added to native bile in separate experiments and the resulting LP-X(aIb) separated from the remaining fraction. The specific activities found in LP-Xa.lb) after separation and in the remaining bile fractions were almost identical (80,000) when expressed in terms of counts/milligram albumin of LP-X(lb) per min and counts/milligram albumin per min of the remaining bile fraction. This indicates that the albumin added is utilized for LP-X formation.
Although the amount of albumin bound to bile LP when this is converted to LP-X-like particles seems to be rather constant, as judged from the protein/lipid ratio of different preparations, the percent incorporation of albumin added varies from bile sample to bile sample depending on its salt concentrations as outlined above (see also Fig. 4) . Incubation of LP-Xalb) with isolated VLDL or HDL (final concentrations 250 and 150 mg/100 ml, respectively; 2 h, room temperature) leads to a transfer of apo C from the normal plasma lipoproteins to LP-X(alb, as demonstrated by immunological means (see Fig. 5 ). A similar transfer to apo A or apo B was not detected with this technique.
As for LP-X(aIb) the addition of serum (Fig. 6 ) to native or water-dialyzed bile revealed a conversion of bile LP into LP-X(ser). However, in contrast to LP-X(lb), LP-X(.er) showed an immunoreaction with antibodies to apo C in the same manner as described for LP-X isolated from serum (4) . The albumin portion of LP-X (sr.) can only be demonstrated after partial delipidation or treatment with bile acids as in the case of LP-X(.Ib) or bile LP (Fig. 6 ).
The structural integrity of the various forms of LP-X (Fig. 7) seems to depend on the proteins taking part in the formation of the particles as well as on the concentration of bile salts in the fluid. Differences in size and homogeneity of various LP-X preparations can be visualized by electron microscopy and on agar electrophoresis. LP-X(.Ib, shows somewhat larger and more heterogeneous particles on electron micrographs and migrates further towards the cathode on agar electrophoresis than does LP-X(alb) after incubation with VLDL or LP-X(e.,, which seems to be identical to LP-X isolated from serum (7, 8) .
From the in vitro experiments with the isolated bile LP described here it is evident that LP-X formation 1254 E. Manzato, R. Fellin, G. Baggio, S. Walch, W. Neubeck, and D. Seidel I FIGURE 6 Electrophoretic and immunochemical characteristics of LP-X(..,). Addition of LP-X-negative serum (1) to native human bile (2) reveals a typical LP-X band migrating towards the cathode on 1% agar electrophoresis which may be visualized with polyanionic compounds (0.1 M MgCl2: 0.15% sodium heparin:1.3% NaCl) (1 + 2). On immunodiffusion the isolated LP-X(..,) (3) reacts only against anti-apo C serum (C) and shows no immunoreaction against antisera to apo A (A), apo B (B), or albumin (D). However, after partial delipidation (4) LP-X(se,) reveals a strong immunoreaction with antialbumin serum (D).
takes place when the former is converted into LP-X by the action of albumin in a proper ratio to bile salts. As demonstrated in Fig. 8 , isolated bile LP plus albumin alone does not result in LP-X formation and the material develops no electrophoretic mobility (Fig. 8 , upper well). However, bile LP resuspended in a solution of bile salts (final concentration 250 mg/100 ml) migrates towards the anode on agar electrophoresis and the addition of albumin in high concentration to this fraction results in immediate complete conversion to LP-X. A certain ratio of albumin to bile salt concentration seems to be required for the observed conversion. This relationship requires further study. A similar relationship also holds for LP-X in whole serum as demonstrated in Fig. 9 . In vitro addition of bile salts in a concentration of 50-100 mg/100 ml (depending on the starting LP-X concentration and possibly also on the plasma albumin concentration) to a LP-X-positive serum results in a disappearance of LP-X when judged on the basis of its typical migration towards the cathode on agar electrophoresis. The particle is still present, however, with a changed electrophoretic mobility towards the anode and a significant increase of bile salts content from 5% (LP-X normal) to 10%. After adding albumin in increasing concentrations to such a fraction, LP-X with its typical characteristics again appears. This effect cannot be achieved by dialysis of the mixture of LP-X-positive serum plus bile salts, nor is the addi- tion of albumin to a LP-X-negative serum plus bie .alt1
followed by LP-X formation.
From all these in vitro experiments it seemed justified to expect that LP-X is formed when the bile LP, usually excreted from the liver, refluxes into the blood because of cholestatic conditions. This hypothesis is supported by our animal experiments ( Fig. 10 and Table II). After insertion of the common bile duct into the vena cava of dogs LP-X was demonstrated as early as 3 h after operation in four animals treated in this way. A rapid increase in LP-X concentration during the first 8 h is paralleled by an increase in both cholesterol and phospholipids. Plasma triglycerides remain almost unchanged during the course of the experiment. The initial rapid increase of LP-X and cholesterol is followed by a period of decreasing concentrations. Although there is at present no explanation for this observation it is interesting to note that the increase in phospholipids and cholesterol is considerably greater than one would expect or calculate from the bile lipids entering the blood. The increase in LP-X in cholestasis corresponds to the refluxed bile lipids. The unexpectedly high increase in phospholipids and cholesterol in relation to the refluxed bile lipids under experimental cholestasis was demonstrated earlier (33, 34) . DISCUSSION We have previously demonstrated that LP-X appears in appreciable amounts in dog and rat plasma within the first 24 h after surgical ligation of the common bile duct (35, 36) . The same time seems to be necessary for LP-X to appear in patients with extrahepatic biliary obstruction (11) . Our results suggest that LP-X formation is not dependent upon a new metabolic pathway but rather derives from a pathophysiological process closely related to cholestasis.
It has been demonstrated that during extrahepatic biliary obstruction bile passes from the bile duct to the hepatic lymphatics, from there to the thoracic lymphatic duct and finally into the bloodstream (37) . The lipid composition of LP-X isolated from serum differs significantly from normal plasma lipoproteins but shows great similarity to the lipids found in normal bile (9) . Almost all of the biliary cholesterol exists in unesterified form as in LP-X. Phospholipid concentration is approximately twice as high as the concentration of cholesterol in both bile and LP-X. Even the phosphatide distribution of bile is very similar to that of the phosphatides FIGuRE 8 1%0 agar electrophoresis of isolated and treated bile LP. The lipoprotein bands are visualized by polyanion precipitation (0.1 M MgCl2: 0.15% sodium heparin: 1.3%o NaCl). Bile LP (upper well) does not develop any electrophoretic migration. Bile LP after addition of bile salts (250 mg/100 ml) (middle well) migrates towards the anode as does native bile LP (see Fig. 1 ). Addition of albumin (12 g/100 ml) to the mixture of bile LP plus bile salts (lower well) leads to LP-X formation. present in LP-X. Moreover, the phospholipid fatty acids of hepatic bile and those of LP-X show a close similarity (38) . These facts taken together may suggest a common origin and relationship of the bile lipids and LP-X.
In this study we have demonstrated that in native bile the lipids are organized in the form of a lipoprotein which can be isolated. This is in agreement with recent reports from different laboratories (32, (39) (40) (41) (42) . This bile LP revealed a lipid composition almost identical to LP-X but differed from LP-X in protein/lipid ratio and immunological and electrophoretic characteristics. Albumin is the major or the only protein portion of bile LP. However, it is detectable only in bile-acid solution or after delipidation. Bile lipoprotein can be converted into LP-X by adding albumin or serum to native bile and the addition of bile salts to a fraction containing LP-X results in formation of bile LP particles. This, plus the fact that only a few hours after experimental connection of the bile duct with the vena cava LP-X appears in the serum of dogs, strongly suggests that the bile LP is a precursor lipoprotein for LP-X. All in vitro experiments as well as the animal model are in agreement with the concept that this conversion is dependent only on cetrain physicochemical requirements and independent of any active metabolic process. It appears that bile acids in low concentrations are necessary to make the bile LP accessible for the incorporation of more albumin, which is important for de- (2) after addition of bile salts (final concentration 50 mg/100 ml); (4-6) the same samples as in (3) after addition of increasing amounts (5, 8 , and 15 g/100 ml) of human albumin; (7) same sample as in (3) after dialysis; (8) the same sample as in (2) after addition of albumin (5 g/100 ml); (9) LP-X-negative serum after addition of albumin (5 g/100 ml); (10) LP-X-negative serum after addition of bile salts (50 mg/100 ml) and albumin (5 g/100 ml).
too low in absolute terms and in relation to bile acid concentration to make LP-X formation possible.
High bile salt concentration may convert LP-X back into a bile LP-like particle, even in an environment of high albumin concentration as is found in serum. Therefore, LP-X found in the plasma of subjects with cholestatic liver disease is most likely to be derived from conversion of the refluxing bile LP in contact with the required amounts of albumin. The exact conditions necessary for this conversion will have to be established in additional experiments. It is also an open question whether this conversion takes place only when bile LP enters the circulation or when it comes into contact with plasma albumin at any site. For example, such a conversion may also take place in the liver if the required physicochemical conditions obtain. Evidence along these lines was given by electron microscopic demonstration of LP-X-like particles in the bile ducts of mice after ligation but without cholestasis (44) . Our results strongly indicate that albumin is an essential requirement for maintenance of the unique physicochemical characteristics of LP-X. The apo C protein portion of LP-X as well, as other apolipoproteins which may occasionally be detected in LP-X after isolation from the serum of cholestatic liver disease patients, seems to be of minor importance with respect to the structural integrity of LP-X, although as demonstrated in this study, they may have some stabilizing effect on the particle. This would be in agreement with recombination studies of apolipoproteins with lipids which have consistently indicated higher stability with increased apoprotein concentration (45, 46) . ACKNOWLEDGMENTS
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